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Question 5 

15 points total        Distribution 
  of points 
(a) 2 points 

 
The correct choice is “Q”.   
Note: Selecting “Q” earned no points, but was required in order to earn credit for a 

correct justification. 
  

For recognizing that the current must be to the left in the rod (or clockwise in the 
circuit) 

 1 point 

For a complete explanation with no incorrect statements  1 point 
Example: In order to stretch the springs, the magnetic force must be downward. 

According to the right hand rule, this requires a current to the left in the rod. 
Therefore, the positive terminal of the battery must be connected to point Q. 

  

 
(b) 2 points 

                

or

             
Note: The spring force may be represented either as a single combined force or as 

two separate forces due to the two springs. 
  

For the spring force (or forces) drawn upward and properly labeled (with no 
additional upward forces) 

 1 point 

For the magnetic and gravitational forces drawn downward and properly labeled 
(with no additional downward forces) 

 1 point 

One earned point is deducted for any of the following: 
• Any horizontal forces 
• Any vector that is not distinct and/or does not both touch and point away from 

the dot 
• The vectors are not reasonably straight and reasonably vertical 

  

 
(c) 4 points 
  

For using a correct expression for Newton’s second law  1 point 
Using a single spring force: 0S BF mg F- - =              or      S BF mg F= +    

Using two spring forces :    1 2 0S S BF F mg F+ - - =    or      1 2S S BF F mg F+ = +    
For any recognition, implicit or explicit, that mg is balanced by the original stretch 

in the springs and ultimately not part of this calculation 
 1 point 

The spring force is 2k yD . It is not necessary to explicitly show how the original 
spring force is canceled by mg. 

  

2 Bk y FD =    

 
For correctly substituting BIL for the magnetic force  1 point 
2k y BILD =    
For solving for yD  to get a correct answer  1 point 

2y BIL kD =    

1SF  2SF  

mg
BF  

SF
 

mg
 

BF  
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Question 5 (continued) 

 
       Distribution 
  of points 
 (d) 4 points 

 
For correctly labeling both axes with variables and units  

Note: This point is not earned if axes are labeled with I as a function of yD . 
 1 point 

For using an appropriate linear scale on both axes  1 point 
For correctly plotting the points  1 point 
For drawing a reasonable and straight best fit line for the data  1 point 
Note: The point (0, 0) may be included in the plot without penalty since it is also a 

data point, though unmeasured and unrecorded. 
  

 
(e) 3 points 

 
For obtaining a relationship between the slope and the magnetic field B consistent 

with part (c). 
 1 point 

From part (c): 2 2
BIL BLy Ik kD = =    

2 slopeslope   so  2
kBL Bk L= = i  

  

For calculating a slope using two points on the line drawn in part (d), including 
data points only if they are on that line 

 1 point 

Example: Using the two points (5.0 A, 14.2 mm) and (1.2 A, 3.0 mm) that are on the 
line in the graph above. 

  

( ) i 3
3 314.2 3.0 10  m 11.2 m mslope × 10 2.95 × 105.0 1.2 A 3.8 A A

-
- --= = =

-
 

 
 

For a substitution of values into the expression for the magnetic field B consistent 
with part (c) and the calculated slope 

 1 point 

i i
i

32 (25 N m) (2.95 × 10 m A) 0.42  N A m  or 0.42 T0.35 mB
-

= =  
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Question 5 

 
Overview 
 
The intent of this question was to assess student knowledge of electromagnetism, their understanding of 
forces, equilibrium and dynamics, and their graphing and data analysis skills. 
 
 
Sample: B5 A 
Score: 13 
 
This response earned full credit in parts (a) and (b). In part (c) the answer point was not awarded because the 
factor of 2 from the two springs was not included in the final expression. Part (d) earned full credit. Only two 
points were awarded for part (e) because it was not clear how the slope was calculated, but the relationship 
between slope and magnetic field was consistent with part (b). 
 
 
Sample: B5 B 
Score: 9 
 
This response earned no credit in part (a) because “P” was checked. One point was earned in part (b) for the 
upward spring forces. The “downward” force point was not awarded because weight was missing (and the 
magnetic force vector does not touch the dot). This response earned full credit in part (c). Note that all of the 
points are addressed, even though there was a sign error in the problem that does not drop out until the last 
step. Only 3 points were earned in part (d); the best-fit line point was not awarded because this appears to be 
more of a “connect-the-dots” graph. One point was earned in part (e) for calculating the slope, but it was not 
used or interpreted correctly. 
 
 
Sample: B5 C 
Score: 4 
 
This response earned no points in part (a) because “P” was checked. There also was no credit earned in part 
(b) because, though SF  was drawn and labeled correctly for 1 point, a point was then deducted for the 

horizontal force. No credit was earned in part (c). The magnetic force was written as cosILB q  rather than 
sinILB q , and the cosq  term was not appropriately dealt with. There was no clear demonstration of use of 

Newton’s second law. The response earned full credit in part (d). No credit was earned in part (e) because the 
slope was incorrectly determined and then not used. 
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